Our aim in this paper is to study the long-time behavior for a class of doubly nonlinear parabolic equations. First we show that the problem has a unique solution. Then we prove that the semigroup corresponding to the problem is norm-to-weak continuous in L q and H 
Introduction
We study the long-time behavior in terms of attractors of the solution of the following problem:
∂α u ∂t − Δu f u g x , x ∈ Ω, u x, t | ∂Ω 0, u x, 0 u 0 x .
1.1
Here Ω is a bounded smooth domain in R N N ≥ 1 and g x is a given function in L 2 Ω . Such equations appear, for example, in the study of gas filtration so-called porous medium equation 1 . It has been extensively studied when α is linear 1-5 , and the existence of attractors has been proved in 6-11 for α I . There exists a constant C 0 ≥ 0, such that C 0 α s f s is increasing.
1.6
By hypotheses 1.2 -1.5 , α and f are nonlinear functions with polynomial growth of arbitrary order. Here α is more general than in 1-4 where α is linear growth , which is an essential difficulty in proving the existence of global attractor. To problem 1.1 , the key points are to obtain the continuous and compactness of semigroup. By using Legendre transform and the asymptotic a priori estimate method introduced in 10, 11 , we show the existence of global attractor. This paper is organized as follows. In Section 2, we recall some basic concepts about the global attractor. In Section 3, we show the uniqueness of solution and norm-toweak continuous semigroup for 1. 
Preliminaries
In this section, we recall some basic concepts about the global attractors.
Definition 2.1 see 6-8 . Let {S t } t≥0 be a semigroup on a Banach space X. A subset A ⊂ X is called a global attractor for the semigroup if A is compact in X and enjoys the following properties:
1 A is an invariant set, that is, S t A A for any t ≥ 0; 2 A attracts all bounded sets of X, that is, for any bounded subset B of X dist S t B, A −→ 0, as t −→ ∞, 
3 for any ε > 0 and for any bounded B ⊂ X, there exist constants M M ε, B and T T ε, B , such that 
where the positive constant C is independent of B, T, and ε.
Uniqueness of Solution and Norm-to-Weak Continuous Semigroup
The existence of weak solution for 1.1 can be obtained by the standard Faedo-Galerkin approximation method. Here we only state the result.
We now show that the solution is uniqueness and continuous dependent on initial conditions. Proof. Suppose that u t , v t be two solutions of 1.1 with initial conditions u 0 x , v 0 x ; then
3.3
We define the sign function by 
Using 1.6 , we get
Since sign u − v lim ε → 0 u − v / ε |u − v| , by dominated convergence theorem, we have
By Gronwall inequality, we get
From 1.2 , we have
which gives continuous dependence on initial conditions and uniqueness of solution in L 1 Ω . By Theorem 3.2, we can define the operator semigroup {S t } t≥0 in L 1 Ω as the following:
which is continuous in L 1 Ω .
ISRN Applied Mathematics
Since α is a continuous increasing function with α 0 0, we define for t ∈ R, Applying Young inequality, we have
3.17
Integrating from 0 to T , we obtain
cT α 3 |Ω|. 
L r 2 Ω , L q Ω -Global Attractor
By Theorem 3.3, we can define operator semigroup {S t } t≥0 as the following: 
4.1
We get
By the Gronwall lemma, we have
Therefore,
We obtain .
4.15
It follows from 1.5 that there exist γ 1 , γ 2 > 0, γ 3 ≥ 0 such that 
In the following, we will give the asymptotic a priori estimate of {S t } t≥0 with respect to L q Ω -norm, which plays a crucial role in the proof of the L r 2 Ω , L q Ω -global attractor. 
4.19
Proof. By 1.3 and 1.5 , we find that there exists 
Thus we have
4.23
We obtain
4.24
Since q ≥ r 2, we have
4.26
By Gronwall inequality, there exists T B > 0, ∀t ≥ T B such that
dx.
4.27
For any ε > 0 there exists δ > 0; for any e ⊂ Ω, m e < δ, we have e g x 2q−r−2 / q−1 dx < ε.
4.28
Leting T t α u t , obviously {T t } t≥0 is a semigroup in L 1 Ω . By 1.5 and 4.18 , {T t } t≥0 has a bounded absorbing set in L 1 Ω . Combining Lemma 2.8, for any ε > 0, there
4.29
By repeating the same step above and multiplying 1.1 with
where 
L r
In this section, we want to prove the L r 2 Ω , H 1 0 Ω -global attractor. However, for general N-dimension space, our methods can not work, so we make the following assumption: Proof. Let B is a bounded absorbing set in H 1 0 Ω , x n ∈ B, t n → ∞ as n → ∞, u n t S t n x n . Now we will prove that there exists Cauchy sequence of {u n t } in H 1 0 Ω . By Theorem 4.2, we know that {S t } t≥0 exists global attractor in L 2 Ω , therefore there exists Cauchy sequence of {u n t } in L 2 Ω , we denote by {u n t }. Hence, ∀0 < ε < 1, ∃N, ∀n, m > N:
5.17
In view of 1. 
5.19
Hence, for any n, m > N, we get |∇u m − ∇u n | 2 2 < cε.
5.20
That is to say, the semigroup {S t } t≥0 is asymptotically compact in H 
